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Abstract 
In this study we focused on antimicrobial nanocomposites based on kaolinite, when two series of nanocomposites were prepared. 
In the first case, kaolinite (KAO) was used as the carrier for antibacterial drug. Secondly, kaolinite modified with dimethyl 
sulphoxide (DMSO) was used. In both series, chlorhexidine dihydrochloride (CH) acts as an active antimicrobial component. The 
resultant samples were characterized by X – ray diffraction (XRD) and infrared spectroscopy (FTIR). The antimicrobial activity 
of prepared composites against bacteria strains Staphylococcus aureus, Escherichia coli and against yeast Candida albicans were 
evaluated by finding minimum inhibitory concentration (MIC). It was found that prepared nanocomposites were very effective 
and they had different effect against bacteria strains and yeast. Important information was that treatment with DMSO had not 
significant effect on antimicrobial activity. These nanocomposites can be in future used for preparation of drugs for local 
treatment of oral cavity with long-acting antimicrobial activity. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The development of suitable materials with the ability to inhibit the growth of microbes is one of the current 
topics of material and medical research. Diseases that affect the oral cavity are considered a significant public health 
problem. Among the more prevalent are oral candidiasis and periodontal diseases. As far as treatment of oral 
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infections is concerned, the current market lacks any curative form for a local long-acting application that would 
enable therapy without need to use systemic treatment. 
A solution might be offered by anchoring the drug to a suitable carrier that can provide transport to the 
designated place in the body, gradual release and hence suppression of side effects. Recently, increased attention is 
paid to so-called inorganic carriers, often based on clay minerals. The use of clay minerals as excipients in 
pharmaceutical formulations has been described by many authors (Aguzzi et. al., 2007; Carretero, 2002; Carretero 
and Pozo, 2009). The antimicrobial nanocomposites based on clay mineral montmorillonite are the most studied 
systems. Our team mainly deals with investigation of antimicrobial nanocomposites, when clay mineral vermiculite 
is used as a drug carrier (Holešová et. al., 2010, 2013, 2014). 
Antimicrobial nanocomposites based on kaolinite aren’t much explored in past. This study is follow-up to an 
earlier, which was focused on antimicrobial kaolinite/urea/chlorhexidine nanocomposites (Holešová et. al., 2014). 
We chose DMSO for exfoliation of kaolinite and then chlorhexidine dihydrochloride as antimicrobial agent. It was 
found that prepared nanocomposites were very effective and they had different effect against bacteria strains and 
yeast. Moreover treatment with DMSO has no influence on the antimicrobial activity. 
2. Materials and methods 
2.1. Materials 
The clay mineral kaolinite (abbreviated KAO) from Sedlec (deposit in the Czech Republic) was utilized for 
experiment. The original sample was ground and passed through a 0.045 mm sieve. The chemicals used for 
experiment from Sigma Aldrich were dimethyl sulphoxide (abbreviated DMSO, C2H6OS), chlorhexidine 
dihydrochloride (abbreviated CH, C22H30Cl2N10·2HCl) and ethanol and methanol, as a solvents. 
2.2. Sample preparation 
2.2.1. Kaolinite/DMSO preintercalate 
DSMO intercalated kaolinite (labelled as KAO/DSMO) was prepared by stirring of 15 g of KAO with 60 ml 
DMSO for 48 h at 60°C. The solid product was separated by centrifugation and washed for 3 times with methanol to 
eliminate excess of DMSO. Then the product was dried at 80°C for 24 h and grounded to powder. 
2.2.2. Kaolinite/Chlorhexidine intercalates 
Two series of kaolinite/chlorhexidine intercalates were prepared, both with the original KAO and with 
KAO/DMSO. In each series, samples with varying weight ration of clay mineral and CH were prepared (1:1, 2:1 
and 4:1). Modification of clay mineral with organic compound was carried out according the following procedure. 
The solutions of CH in ethanol were prepared in the concentrations mentioned below, further these solutions 
were added to 4 g of KAO or KAO/DMSO dispersed in 50 ml of demineralised water. Mixtures were stirred for 6 h 
at 75°C. After centrifugation, the solid products were dried overnight at 80°C. The obtained samples were named 
KAO_CH (1:1), KAO_CH (2:1), KAO_CH (4:1), KAO/DMSO_CH (1:1), KAO/DMSO_CH (2:1) and 
KAO/DMSO_CH (4:1). 
2.3. Analytical methods and equipment 
The X-ray diffraction (XRD) patterns of samples were recorded using the diffractometer RIGAKU Ultima IV 
(reflection mode, Bragg-Brentano arrangement, CuKα radiation) in ambient atmosphere under constant conditions 
(2-60° 2θ, scan speed 2°/min, 40kV, 40mA). 
The MIR spectra were obtained by the KBr method using a NEXUS 470 Fourier transform (FTIR) spectrometer 
(ThermoNicolet, USA). The spectrometer was equipped with Globar IR source, KBr beam splitter, and DTGS 
detector. For each spectrum, 128 scans were obtained with a resolution of 4 cm-1. Range of measurements was 400 – 
4000 cm-1. Spectra manipulations were performed using the Thermo Scientific OMNIC™ software package. 
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2.4. Antimicrobial test 
The minimum inhibitory concentration (MIC) of the prepared samples was determined by their lowest 
concentration that would completely inhibit bacterial growth. The dilution and cultivation were performed on the 
microtitration plate with 96 hollows. The first set of hollows on the plate contained 10% (w/v) composites water 
dispersion. These dispersions were further diluted by a threefold diluting method in glucose stock in such a manner 
that the second to seventh set of hollows contained a sample dispersed in concentrations of 3.33%, 1.11 %, 0.37%, 
0.12%, 0.04% and 0.01%. The eighth set of hollows contained pure glucose stock as a control test. A volume of 1µl 
of glucose suspensions of S. aureus CCM 3953 (1.0x109cfu ml-1), E. coli CCM 3954 (1.1x109cfu ml-1) and Candida 
albicans ATC 90028 (1.2x109 cfu ml-1), provided by the Czech collection of microorganisms (CCM), was put into 
the hollows. Bacterial suspensions were transferred from each hollow to 100 µl of the fresh glucose stock and after 
the elapse of 30, 60, 90, 120, 180, 240 and 300 min, and then during 5 days, always in 24 h intervals, bacteria were 
incubated in a thermostat at 37°C for 24 and 48 h. Antimicrobial activity was evaluated by turbidity, which is a 
display of bacterial growth (Kneiflová, 1988). 
3. Results and discussion 
3.1. XRD analysis 
The XRD pattern (Fig. 1a) shows the basal (001) reflection of original KAO with the interlayer distance d = 
0.714 nm which is characteristic for KAO. The reflections with d = 0.993 nm and d = 0.501 nm were ascribed to 
mica which occurs as an admixture of KAO (Mitrovič and Zdujič, 2013). 
The basal (001) reflection of parent KAO in intercalated samples KAO_CH (Fig. 1c, d, e) shows a slight decrease 
in relative intensity with increasing concentration of CH. The XRD pattern of pure CH is shown in Fig. 1b. 
Interlayer distance of KAO (d = 0.714 nm) remained unchanged for all organoclay samples, which means that CH 
was not intercalated into the KAO interlayer. Reflections of mica are also preserved at all samples. 
 
 
Fig. 1. XRD patterns of (a) KAO, (b) CH, (c) KAO_CH (4:1), (d) KAO_CH (2:1), (e) KAO_CH (1:1). 
The XRD pattern (Fig. 2a) shows a significant change of reflections profile of KAO/DMSO opposite original 
KAO (Fig. 1a). New basal (001) and (002) reflections with interlayer distance d = 1.116 nm and d = 0.559 nm are 
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appeared. These reflections correspond to DMSO intercalated in monolayer arrangement into the KAO interlayer 
space (Olejnik, 1968; Matušik, 2012; Mbey, 2012). Low intensive basal (001) reflection of KAO (d = 0.714 nm) is 
still preserved in KAO/DMSO, indicating incomplete intercalation of DMSO in KAO interlayer space. 
The reflection of DMSO intercalated into the KAO interlayer space disappeared from the XRD patterns of 
organoclay samples KAO/DMSO_CH (Fig. 2d, e, f). On the contrary, the basal reflection of KAO at these samples 
show increase in intensity and widespread profile. Relative intensity of KAO reflection decreased with increasing 
concentration of CH. These results suggest that during treatment of KAO/DMSO with CH, DMSO was fully 
released from KAO interlayer space; less ordered structure of KAO was formed and then CH was probably 
anchored on KAO surface. Moreover, these findings fit with results from FTIR. 
Reflections of CH are not observed for KAO_CH 4:1 (Fig. 1c) and KAO/DMSO_CH 4:1 (Fig. 2d) due to the low 
concentration of CH. However, content of CH in these samples was confirmed by FTIR analysis. 
 
 
Fig. 2. XRD patterns of (a) KAO, (b) CH, (c) KAO/DMSO, (d) KAO/DSMO_CH (4:1), (e) KAO/DMSO_CH (2:1), (f) KAO/DSMO_CH (1:1). 
3.2. FTIR analysis 
The FTIR spectrum of parent clay mineral KAO is shown in Fig. 3a. Absorptions at 3696, 3669 and 3653 cm-1 in 
the OH stretching region were attributed to the inner-surface OH groups, while absorption at 3620 cm-1 is due to 
vibrations of inner hydroxyl groups (Madejová and Komadel, 2001). Very intensive bands at 1111, 1031 and 1008 
cm-1 belong to Si-O stretching vibrations. Two bands at 936 and 913 cm-1 correspond to the δOH of inner-surface and 
inner OH groups, respectively. Si-O deformation bands are located in the 790-430 cm-1 region. Major bands in the 
MIR spectrum of chlorhexidine dihydrochloride (CH) (Fig. 3b) at 3309, 3169 and 3122 cm-1 in the NH stretching 
region were attributed to asymmetric and symmetric vibrations of NH groups (Silverstein et. al., 1991; Socrates, 
2001). Two bands at 2938 and 2856 cm-1 are assigned to asymmetric and symmetric C-H stretching bands of CH 
(Silverstein et. al., 1991; Socrates, 2001). The ν(C=N) stretching vibration of imine group appears at 1636 cm-1. The 
bands that occurred in the 1580-1490 cm-1 interval are due to a NH bending vibration of secondary amine and imine 
groups and C=C stretching vibrations of an aromatic ring (Silverstein et. al., 1991; Socrates, 2001). The band at 
824 cm-1 is due to the C-H out-of-plane deformation vibrations of a 1,4-disubstituted aromatic ring. When we 
compared MIR spectrum of KAO (Fig. 3a) with the spectrum of KAO_CH (1:1) (Fig. 3c) it is evident that values of 
the stretching and deformation vibrations of OH and Si-O groups does not change. The only difference is their 
intensity and width, which indicate interaction between clay mineral and antibacterial compound. At the same time 
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there are visible characterization vibrations of CH. Based on the lower intensity and moderate enlargement of 
absorption bands, especially of stretching vibrations of OH groups from KAO and NH groups of CH, we suppose 
creation of hydrogen bond between these groups. 
In the FTIR spectrum of KAO/DMSO (Fig. 3d) there are two new bands at 3540 and 3503 cm-1 corresponding to 
interaction of DMSO with inner-surface OH groups of KAO (Yang, 2012). The FTIR spectrum of KAO/DMSO_CH 
(1:1) is shown in Fig. 3e. We can observe that in this spectrum there are no bands characterizing presence of DMSO, 
on the other hand there are visible typical bands of CH in this spectrum. In accord with the results from XRD 
analysis we can assume that DMSO was washed out from the interlayer space of KAO and CH was anchored on 
KAO surface. 
 
Fig. 3. FTIR spectra of a) KAO, b) CH, c) KAO_CH (1:1), d) KAO/DMSO, e) KAO/DMSO_CH (1:1). 
3.3. Antimicrobial assessment 
Antimicrobial tests were performed against two different bacterial strains Gram-positive Staphylococcus aureus 
and Gram-negative Escherichia coli and against yeast Candida albicans. Activity of all prepared organoclays was 
observed at various time periods (30, 60, 90, 120, 180, 240, 300 min and 1, 2, 3, 4, 5 days). Samples KAO and 
KAO/DMSO didn’t show antimicrobial activity. The MIC values of nanocomposites are shown in Table 1.  
 
Table 1. MIC (%) (w/v) values of prepared antimicrobial nanocomposites in selected time intervals (90 min, 300 min, 1 day, 5 days.). 
 
Sample 
Staphylococcus aureus Escherichia coli Candida albicans 
90 300 1 5 90 300 1 5 90 300 1 5 
KAO_CH (1:1) 1.11 1.11 0.01 0.01 1.11 1.11 0.01 0.01 0.12 0.12 0.12 0.12 
KAO_CH (2:1) 1.11 1.11 0.01 0.01 1.11 1.11 0.01 0.01 0.37 0.12 0.12 0.12 
KAO_CH (4:1) 1.11 1.11 0.01 0.01 1.11 1.11 0.01 0.01 0.12 0.04 0.12 0.12 
KAO/DMSO_CH (1:1) 0.37 0.37 0.01 0.01 1.11 0.37 0.01 0.01 0.12 0.04 0.12 0.12 
KAO/DMSO_CH (2:1) 0.37 0.37 0.01 0.01 1.11 1.11 0.04 0.04 0.12 0.12 0.12 0.12 
KAO/DMSO_CH (4:1) 3.33 1.11 0.01 0.01 3.33 1.11 0.01 0.01 0.12 0.12 0.12 0.12 
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All samples showed the lowest MIC values (0.01 % w/v) after 1 day against S. aureus. We obtained almost the 
same results in the case of E. coli. All prepared samples showed very good efficiency against yeast Candida 
albicans. We could observe not only good activity in longer time intervals but the prepared samples, especially with 
higher CH concentration, were already very effective at earlier time intervals. Important information was that 
treatment with DMSO had not significant effect on antimicrobial activity. 
4. Conclusion 
This research has been focused on the preparation and characterization of novel antimicrobial nanocomposites 
when kaolinite (KAO) and/or kaolinite exfoliated by DMSO (KAO/DMSO) act as carriers for an antimicrobial drug 
chlorhexidine dihydrochloride (CH). The results from X-ray diffraction (XRD) and infrared spectroscopy (FTIR) 
showed that in all cases CH was anchored on KAO surface. On the basis of antimicrobial tests we can conclude that 
prepared nanocomposites possess very good antimicrobial efficiency, but they have different effect against bacteria 
strains and yeast. In the case of gram-positive S. aureus we observed very good efficiency in exposition after 24 h 
and longer. The MIC values decreased to the lowest concentration 0.01 % w/v.  We obtained almost the same results 
against E. coli. Regarding antimicrobial tests against Candida albicans we observe not only good activity in longer 
time intervals, but the prepared samples, especially with higher CH concentrations, were already very effective at 
earlier time intervals. These nanocomposites can be in future used for preparation of drugs for local treatment of oral 
cavity with long-acting antimicrobial activity. 
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